Abnormal Ca2+ release, but normal ryanodine receptors, in canine and human heart failure.
Sarcoplasmic reticulum (SR) Ca2+ transport proteins, especially ryanodine receptors (RyR) and their accessory protein FKBP12.6, have been implicated as major players in the pathogenesis of heart failure (HF), but their role remain controversial. We used the tachycardia-induced canine model of HF and human failing hearts to investigate the density and major functional properties of RyRs, SERCA2a, and phospholamban (PLB), the main proteins regulating SR Ca2+ transport. Intracellular Ca2+ is likely to play a role in the contractile dysfunction of HF because the amplitude and kinetics of the [Ca2+]i transient were reduced in HF. Ca2+ uptake assays showed 44+/-8% reduction of Vmax in canine HF, and Western blots demonstrated that this reduction was due to decreased SERCA2a and PLB levels. Human HF showed a 30+/-5% reduction in SERCA2a, but PLB was unchanged. RyRs from canine and human HF displayed no major structural or functional differences compared with control. The P(o) of RyRs was the same for control and HF over the range of pCa 7 to 4. Subconductance states, which predominate in FKBP12.6-stripped RyRs, were equally frequent in control and HF channels. An antibody that recognizes phosphorylated RyRs yields equal intensity for control and HF channels. Further, phosphorylation of RyRs by PKA did not appear to change the RyR/FKBP12.6 association, suggesting minor beta-adrenergic stimulation of Ca2+ release through this mechanism. These results support a role for SR in the pathogenesis of HF, with abnormal Ca2+ uptake, more than Ca2+ release, contributing to the depressed and slow Ca2+ transient characteristic of HF.